INTRODUCTION
Marigold (Calendula officinalis L.) belonged to Asteracea family and native to Mediterranean region, is an annual herb with pinnately divided leaves and flower which are used as a decorative plant in horticultural industry (Duke et al., 2002) . However, it is considered as a medicinal plant (Amirghofran et al., 2000) and its flower is normally used in food industry to confer both color and flavor to foods (Blumenthal et al., 2000; Hamburger et al., 2003) . Pot marigold is well known for its pharmacological effects such as anti-inflammatory, antiviral, anti-HIV, anti-tumor, anti mutagenic and cytotoxic properties (Boucaud-Maitre et al., 1998; Amirghofran et al., 2000) and it is used mainly for cutaneous and internal disease (Re et al., 2009) . The main chemical constituents of C. officinalis included terpenoids, phenolic acids, flavonoids, isorhamnetin, carotenoids, glycosides, C vitamin and sterols (Re et al., 2009; Andersen, 2001) . Flavonoids which have antioxidant activities and play an important role in human health are present with high concentrations in grains, legumes, fruits and vegetables (Meda et al., 2005) . Biofertilizer has been identified as an alternative to chemical fertilizer to increase soil fertility and crop production in sustainable farming (Wu et al., 2005) . Biofertilizer are products containing living cells of different types of microorganisms, which have an ability to convert nutritionally important elements from unavailable to available form through biological processes (Hegde, 1999; Vessey, 2003) .
In agriculture, the use of artificial fertilizers still ensures better yields, but soils and the environment become more polluted and depleted of important nutrients. Biofertilizers can contain symbiotic or non-symbiotic microorganisms that can result in higher resistance of plant to diseases and increase plant growth rate (Kumar et al., 2001 (Kumar et al., , 2008 . Biofertilizers is environmentally friendly fertilizer that not only prevents damaging the natural source but also helps to some extend clean the nature from precipitated chemical fertilizer and can provide better nourishment to plants. Several research works revealed that the crop yield and growth increase 20 to 30% by replacing chemical nitrogen and phosphorus with biofertilizers (Vessey, 2003) . It can provide protection against drought stress and some soil borne diseases (Vessey, 2003) . Drought stress caused by soil and atmospheric water deficiency is one of the most significant environmental factors affecting plant growth and productivity.
Worldwide drought stress decreases intracellular CO 2 concentration due to stomata closure, in response to loss of turgor pressure (Li et al., 2010) . This causes suppression of the carboxylation reaction catalyzed by Rubisco that increase plant photorespiration (Hsu and Kao, 2003) . Drought, one of the environmental stresses, is the most significant factor that restricting plant growth and crop productivity in the majority of agricultural fields of the world (Tas and Tas, 2007; Abedi and Pakniyat, 2010) .
Based on our knowledge, information about the response of C. officinalis to irrigation disruption and another important factor affecting water use of plant (that is, nitrogen supply especially biological one) are scarce. The main objective of the present study was to find out the effect of irrigation disruption and different amounts of biological nitrogen on the leaf physiological and morphological properties. These traits included leaf osmolytes (proline and total soluble carbohydrates), chlorophyll content (chlorophyll a, b, and total chlorophyll), leaf relative water content, the length, width, area and weight of marigold leaf.
MATERIALS AND METHODS
In order to study the effect of biological nitrogen (Nitroxin) on the leaf morphological and physiological characters, osmolytes and chlorophyll content of pot marigold under irrigation disruption, a field experiment was carried out as a split plot with three replications. Experiment was conducted at the Research Farm of Urmia University (latitude 37.53°N, 45.08°E, and 1320 m above sea level), Urmia, Iran in 2010. Experimental units in each block comprised of 10 line of 2 m long. Row to row and plant to plant spacing was 0.3 and 0.05 m, respectively. Treatments were irrigation disruption after first, second and third harvest and control as main plots, and amount of biological nitrogen, 0, 3, 6 and 9 l/ha of nitroxin as sub plots.
Leaf relative water content (LRWC)
The leaf relative water content was determined in upper most fully expanded leaf on the main shoot. The fresh weight of leaves was recorded and the leaves were immersed in distilled water in Petri dish. After 4 hours, the leaves were removed, the surface water was blotted-off and the turgid weight was recorded. Samples were then dried in an oven at 70°C to constant weight. Leaf relative water content was calculated using the following formula (Turner, 1981) :
Where FW: fresh weigh; DW: dry weight; TW: turgid weight.
Leaf chlorophyll content
To determine the amount of leaf chlorophyll content, 0.25 g of complete leaves were ground in cool water in darkness and adjusted to volume 25 ml by distilled water. Then 0.5 ml of this solute was mixed with 4.5 ml 80% acetone and centrifuged at 3000 rpm for 10 min. Upper zone of this solution was taken for spectrophotometer at 645 and 663 nm wave lengths. Chlorophyll a, b and total were calculated using the following formulas (Gross, 1991; Turner, 1981) :
Chlorophyll b}/198×V/(W×1000) OD645, OD663 and OD470 present the absorption at 645, 663 and 470 nm wave lengths, respectively.
Osmolytes (proline and total soluble carbohydrate)
To measure leaf proline and total soluble carbohydrate, 0.5 g of complete leaves were ground in 5 ml 95% ethanol followed by 70% ethanol. Then, upper zone of this extract centrifuged at 3500 rpm for 10 min (Irigoyen et al., 1992) and measured by spectrophotometer at 515 nm wave length for proline (Paquin and Lechassevr, 1979) and at 625 nm wave lengths for total soluble carbohydrate (Irigoyen et al., 1992) .
Physiological characteristics of leaf
The single leaf area (in four nodal of steam) was determined by leaf area meter (Area Ueter AM 200). Leaf area index (LAI), photosynthetic active radiation (PAR) at canopy base and canopy top were measured by LAI meter (model LP-80). The specific leaf area (SLA) was calculated for each plot using the "SLA (mm 2 /g) = Total leaf area (mm 2 ) / leaf dry weight" formula.
Statistical analysis
Analysis of variance (ANOVA) on data was performed using the general linear model (GLM) procedure in the SAS software (SAS Institute Inc.). The Student-Neuman Keul's test (SNK) was applied to compare treatment means.
RESULTS
Analysis of variance showed the significant effect of irrigation disruption on the single leaf area, leaf length, leaf width and single leaf weight (P≤0.01) as well as on the specific leaf area (SLA) and photosynthetic active radiation (PAR) at canopy base to canopy top ratio, and number of leaf (P≤0.05). Effect of biological nitrogen on the single leaf area and leaf length (P≤0.01) as well as on single leaf weight was significant (P≤0.05).
However, interaction between irrigation and biological nitrogen effects on photosynthetic active radiation (PAR) at canopy base to canopy top ratio and leaf area index was significant (P≤0.01). But, there were no significant effects of irrigation and nitroxin on the leaf proline content, leaf total soluble carbohydrate, chlorophyll a, b, and total chlorophyll content, carotenoid, the leaf relative water content (LRWC) and chlorophyll index (SPAD) ( Table 1 ).
Means comparison indicated that the maximum single leaf area (582.11 mm 2 ) was obtained from plants grown under irrigation disruption at first harvest, that had no significant difference with irrigation disruption after second harvest and control treatment (without irrigation disruption). The minimum single leaf area (476.14 mm 2 ) was obtained from irrigation disruption after third harvest ( Figure 1A) .
The longest leaf (4.38 cm) belonged to irrigation disruption after second harvest that had no significant difference with irrigation disruption after first harvest and control treatment, without irrigation disruption. The shortest leaf (3.72 cm) was obtained from irrigation disruption at third harvest ( Figure 1B) . The widest leaf (0.99 cm) was observed at irrigation disruption after first harvest that had no significant difference with irrigation disruption after second harvest and control treatment. The minimum leaf width (0.74 cm) belonged to irrigation disruption after third harvest ( Figure 1C) .
The greatest single leaf dry weight (0.022 g) belonged to irrigation disruption after first harvest, that had no significant difference with irrigation disruption after second harvest and third harvest, and the smallest single leaf dry weight (0.018 g) belonged to control treatment, without irrigation disruption ( Figure 1D ).
The maximum specific leaf area (33449.1 mm 2 /g) belonged to control treatment, and minimum specific leaf area (27465.2 mm 2 /g) was obtained from plants grown under irrigation disruption at first harvest ( Figure 1E ).
The highest single leaf area (841.829 mm 2 ) belonged to 9 l/ha of nitroxin application, and the minimum single leaf area (298.95 mm 2 ) belonged to control treatment (without nitroxin) (Figure 2A ). The longest leaf (5.66 cm) was observed on plants treated by 9 l/ha of nitroxin whereas the shortest one (2.67 cm) was obtained from control treatment (without nitroxin) ( Figure 2B ).
Means comparison showed that the maximum leaf area index (LAI) (4.49) was obtained from irrigation disruption at third harvest and 9 l/ha of nitroxin application. The minimum LAI (1.62) belonged to irrigation disruption at third harvest and control treatment of biological nitrogen (0 l/ha of nitroxin) (Figure 3) .
The highest photosynthetic active radiation (PAR) at canopy base to canopy top ratio (0.23) was obtained from irrigation disruption at first harvest and 6 l/ha of nitroxin whereas the lowest one (0.023) belonged to irrigation disruption at first harvest and control treatment (without nitroxin) (Figure 4) .
The maximum numbers of leaves per plant (14.13) was obtained from irrigation disruption at second harvest and 6 l/ha of nitroxin application. The minimum numbers of leaves per plant (4.54) belonged to plants without irrigation disruption and 9/ha of nitroxin ( Figure 5 ).
DISCUSSION
Plant size, like leaf area and weight, leaf length and width, is in accordance with leaves size (Ozturk et al., 2004) . The maximum single leaf area, leaf length, leaf width and single leaf dry weight, as an indices of leaf size, were observed at irrigation disruption after first and second harvest, because of the highest number of leaves per plant in these treatments. And the lowest numbers of leaves per plant occurred at irritation disruption after third harvest and control treatments, led to the minimum values of plant size indices in these treatments. When leaf size is smaller, capacity light trapping is decreased and consequently the total capacity photosynthesis is reduced, that is, photosynthesis is restricted in water stressed conditions, with a subsequent reduction in plant growth and performance (Hsiao, 1973; Ozturk et al., 2004) .
Many reports showed that drought stress could lead to decrease in plant photosynthesis (Dhanda et al., 2004; Moran et al., 1994) . The loss of photosynthesis in drought stressed condition result in the loss of dry weight production reported in sunflower, canola, mungbean, common bean, topiary bean, and Sesuvium portulacastrum plants (Abdul-Hamid et al., 1990; Aiken et al., 2010) .
According to Das and Saha (2007) combined inoculation of Azotobacter and Azospirillum in presence of partial application of farmyard manure increase crop productivity. The microbial inoculants as Azotobacter, Rhizobium and Trichoderma, which have been given more attention in recent days, are responsible to plant growth and yield of crops under field inoculation (Rouzbeh et al., 2009) . Inoculation of seeds with Azotobacter and Azospirillum in the present of chemical fertilizers resulted in improving both growth and yield of anise (Gomaa and Abou-Aly, 2001 ). The beneficial effects of bacterial inoculants on increased protein content and elemental nutrition might have been due to the supply of high available amount of nitrogen to the growing tissue and organs supplied by N 2 -Fixing Azotobacter and Azospirillum (Rukmani, 1990) . The biofertilizer may have a potential to decrease the input cost of agricultural production, and be applied to the revegetation of low commercial value sites, such as metal tailing ponds (Carlot et al., 2002) . Plant growth regulating substance such as IAA, GA3 and cytokines produced by Azospirillum are known to promote better growth (Tiwary et al., 1998) . Our results showed the maximum indices of plant size at 9 l/ha of biological nitrogen because of faster nitrogen fixation compared with control (0 l/ha of nitroxin). The maximum numbers of leaves per plant obtained from 9 l/ha of nitroxin caused in the minimum values for plant size indices like single leaf area, leaf length, leaf width and single leaf dry weight. Leaf area index had the same trend with leaf dimensions (length, width and area), so the maximum and minimum leaf area index were obtained from 9 and 0 l/ha of nitroxin application.
Our study do not showed any change of osmotic adjustments (proline content, leaf total soluble carbohydrate), chlorophyll a, b and total chlorophyll, carotenoid, the leaf relative water content (LRWC), chlorophyll index (SPAD) in all irrigation regimes. Damaging cell membrane by water stress probably reduced osmotic adjustment ability (Blackman et al., 1995; Mayer and Boyer, 1981) . Water deficit can destroy the chlorophyll and prevent its production (Montagu and Woo, 1999; Nilsen and Orcutt, 1996) . Mensha et al. (2006) found that subjecting sesame to drought stress caused increase in leaf chlorophyll content and then remained unchanged. The contribution of sugars as an osmotic solute in partly and fully expanded sunflower leaves was studied by Jones and Turner (1980) . Proline is accumulated in many plant species under various stress conditions (Delauney and Verma, 1993) . Moran et al. (1994) stated that the decrease in chlorophyll or protein concentrations is a typical symptom of oxidative stress that can be observed in plants grown under drought stress conditions. They found that contents of sugars did not change in fully expanded leaves. Under our experimental condition, LRWC had no changes in range of our treatment. The rate of RWC in plants with high resistance against drought is higher than others. In other words, plant having higher yields under drought stress should have high RWC. Under water deficit stress, the cell membrane is subjected to changes such as increase in penetrability and decrease in sustainability (Blokhina et al., 2003) . 
